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AT .CLINTON LABORATORIES

Introduction

The nethods used for vmter monitoring were set up at a time when it
was ant:cipeted that the water activity would be low at all times,
Therofore, Gil counter methods were used to obtain sensitivity at the
expense of eccurate interpretation of the results. It was expected
that sufficiently accurate information for extrapolation to the ¥
levels would be obtained eand that no significant levels for health

hezerd at Clinton would arise,

It was further asgsuned from the alleged hazards of ingestion of the
geveral Tission preducts, and from the estimated composition of the
nixture in the overflow water that the limiting hazard would be that
of extornal radiation to a body immersed in the water, rather than
that of ingestion.

The tolerance dose for an immersed body has been set at 100 mrop/

24 hoursa.® Tuis rcfors tlen to the extrenely iuprobable circumstancs
of coutinuous iriersion of the body in water. Altcrnatively it is
pupposed that the radiosensitivity of a fish, at all stages, is sinilar
to that of a hunan bein;. For ingeostion, the human was supposed to
tuks 5 1itors of vater per day. The absorstion process in a fish was

not considored well onoush knovm,

Leamwenort of /3 ray does.

e

Tho rate of eneiyy absorption in tissue or water substance corresponding
to e dosase rate of 100 rrep in 24 hours is 0.98 x 10~11 watt/em, or
suf:iciontly closely lO"_E: watt/pa. If the water contains an active
subatance civing electrons of avorage enersy B lev, the tolerance
ccneontration is

156 A~ cfliter.

Suprose the activity of the water is due to UXp, which gives electrons
of enor~y 2,32 !lev with averazs enersy E adbout 1.0 lev, The tolerancs
concentration will be 1.6 Ave/liter. This is equivaleont to 3550 counts/

min/sd. d

Experimental Standarad

A "tolerance water” was prepared expcrimontally in the following manner:

* 1 rop (roemtzcn~equivalent physical) is the quantity of radiation
4hat ives riso to an cnergy absorpgtion of %f-ergs/gmm of tissug. . _

v eank . o——

For juantun radiuation 1 rep = 1 T. fo
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A woeichad quantity of UMl was aiscolved in water and a thin-
valled /3 -ray charber in a lusterold tube was suspended in
1t. Tho observed dosagg-rate was 70 mrep/br. The lusteroid
wall weiched 46.1 ny/ ca®, end the chambor wall 7.3 my/em? .

It was assunod that the nass absorption coefficient was 6.
licnee the abscrption carrection factor should be

96 x 0,0535 = 1.38

and the true dosage-rate 97 rrep/hour., Tolerance water was
nmade by dilution of the soluticn.

This "tolerance water" was evaporated in S cc., sarples or to poreelain
disnes and used as the standard for ﬁ -counting of other samples,
These counts have becn rade by G, .i. Struthers who found 470 counts/
min/rl at 109 gecaetry., Under these conditions gbout 20/> of the count
js due to scattered electroms. The true count is therefore

470 x 10

1,3

This seexed to be in jood agreement uith the expccted count., Howevor,
it mow secens that such an agreemsnt vas largely fortuitous and that it
postponed a nore careful consideratior of the nethod.

¢/nin/ml = 3620 counts/min/ml.

Corrections to the "tolerance water™

1. Snecific Gravity

The strcng solution used to give readincs with the snll chanmber
in a roasonsble time hed a specific gravity of l.4. The effective
redius from which sisctrons could enter the chanbor was therefore
1ess than the range in water and t&e neasured dosage-rate lover.

Jnen the “utron was diluted the spocific gravity beeene approx-

imatoly 1. Estimated dosajze-rate of the tolcrance wator was probably

too hizh by a fector of ~~ 1.4. Correction factor = 0.72.
2, Filtration

For sinmplicity, the absorptior in the lusteroid wall was considered

only in a plano perpendicular to the axis of the eylindrical - hamber.

The functions covernin' absorption in a eylindrical wall have been
partially evaluated by R. R. Coveyou, but there is no available
solution for this case, If the radiation had been absorbed throush
a largce flat savet, 1t would have boen soverned by an Fj function,

and the absor;tion correction would be 2.0 (see -930). The average

of 2.0 and 1.38 would be a rpoasonsble value. Correctio:. factor =

1038 =
"-'1—07 0081 .
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(4) Tho rinite sire of tho measuring device perturbs the above
ecuations, Tho effect 1s suall if tho diamecter of the chamber

ar tube is leas than 1"

(5) Suspended natter in tho active water scttles out during the
sarplo process., This spoils the present readings and leaves
the equipment badly contaninated. /

Novertheless the gamma sanpling method is useful whenever it 18

{nconvenient to talke neasuring equipment to the water supplye.
Results obtained to date have chocked rathor well with direct
ionization measurerents in the pands,

The brass counters used .gave 3350 ¢/rin when exposed to 1 mx/hr
of Ra {radiation, Guorma-ray dosage rate is thus -

- -l
£ = 3x10% x & r/hy where S and L are

[25-L) x 3350 (25-1)

oxpros3ed as C/nin from the small and large sarples respectively.
S
Relation of /3 and ¥ activity

It was orimginally hoped that the ratio of )/to ﬁ activity would be ap-
proximatoly ccnstant. The ratio has ranged from 0.4 to 4.0, which 18
woll beyond the possidle srrors of both systens, Tflence it is necessary
oither to use a measuring scheme that records the cambined ﬂ and
doseze, or to observe each separately. The latter 1s the proferrod
rethod despite tho additional equipment requircments,

Haz.arti of incestioy rolative to external radlation

Tho asswipticn that the hazard from 24 hour irmmersion sxceeded the
nazard fron ingostion of normul quantitles of the watar was apparontly
well-Tounded in the case of the Clintan overflow, lievertheless the
inscstion hazard is such a rapidly verying function of the conposition
of the auctive materials that 1t will never be safe to proceed without

analyses for sone special elesonts,

Tcr tle purposes of Lhils revioi, tolorance concentrations of fissicn
products siven in CL-697, Chap. 12 Sece & and C will be acccpted.,
Thoso aroe less conservative than fisures 3iven by J. G, lamilton by
a factor of ebout 100. The hisher fisures cre baused on a perrissible
radiation of 100 nrsp/day and an intake of 3 liters of wmter; the
iorer Lizares on 10 mrep/éay and 10 liters intake. These differencoes
erzhasize tho rrescnt larze uncertainties in assessing the ingestion
pezards. Ouly tho case of rcpoated intale Tron a contaninaoted water
scuree of mainteined concantraticn necd be considersed. The ingestion
weozard rosolves inte tiso canponents -

(1) offoct on bane 1arrow

(2) erfect oo cut
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If it can L2 ascused that there 1s no avnormal hold up of active
meterial in the gut, and that the radiation sensitivity is essentially
the sane as that of the skin and superficial tissues, then the effect
on gut can be ignoresd. The gut dose will necessarily be loss than the
alin dose for 24 hour irmersion. Eleaments nctable proceeding to the
bhone are -

’ Tolerance Concentratiom
Bone tarrai Skin
Ba 3.1/ c/liter 3.2 Av c/1iter
Sr 0.07 1.9
Ru. 3.4 11.0
Pixed FP 1.2 ~3

‘hether the limiting hazard is the radiation to bone marrow or to skin
4a controlled almost entirely by the content of active strontium. If
moré than 1 of the total activity is due to strontium the tolerance
sorcentration cannot be determired without an analysis of the water. ’

Tne waste waters from the plant have been diluted by raw river water
which has fortunately precipitated riost of the barium and strontium.
At the present time the pracipitation 18 encouraged by the additior of
caleium salts. .n analysis of the U6 overflow water by J. G. Hamilton
and collaborators indicates that the filtrate activity is made up of
0.2%7) (Ba + Sr), 58,5, Zr, 25.6% Cb, 1.69% llu and leoss impartant FPts,
A sediment in the waste has 3,795 {Ba + Sr) but it contributes only
2.4, to tho total liguar activity.

me tolerance concentration for ingestion of thoe filtrate is 21.6/¢/liter.
For extornel radiation it 1s 8.6 o/liter. !

The ingestion tolerance comcentration for tho precipitate is 1.7/ c/liter,
gnd for the totel liguor is 16.8 eve/liter. ‘

As far as cxtornal rediation is concerned the liquor presents a greatar
hazard from )~ radiation than froa -3 . The tolerance concentraticn for
tho ¥ rediation alome is 2,3 4vc/liter. For the combined radiaticns
1t i 1.8 #c/liter. Therefore, at the present time, the hazard of in-
gostion is not the cantrolling feature. }

|

Disposition of activity after roleass fron the holdup pords.

Tiere 18 no problen attached to the raintenance of water activity at
1ovels bolor 100 rrep/day at the po~d discharge. This ccrre;mponde to
1 to 24 ¢/1litor or, far a daily discharge of 600,000 gals, |a aaily
dtscharge of 2-1/2 to 5 curies. On the averace, no more than this can
procced throuch the dan per day. Sinco the averazo flow of the Clinch
River 1s 4000 ¢ ft/sec, the average ccncentration in the river \':1%1 be
1o~4,w o/1iter.At nininum flov the co-.centration irould be Six 10~ o/1iter.
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In fact rolg.tivaly Jittle of: tha a
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-{a) Ion cbnnbora are proforable to "countara becauaa tho

—in

. function more closoly follows the biologieai hazard. <A thig v
. 5 mdow ‘should be

. to carrespond with laycr of passive abeoa:puon. * Thare '18 nd
interest in quantitative moamn:mts on yory weak aamples,
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{v} The mter uhoum be aanplod vd.t_hout mraporaticn to prervc
of a low erergy componont, Either a chamber innersed in tho’
inmodlately over @ liquid layer of depth about'l ém’ should !
risk of apilling and oontamtnati‘onwi,a‘ ;.gn‘gp._'__
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Coneral

1. An analysis for the aciive materials with special reforence to the
percentage of Ba, Sr end Ru should be node at intervals.to ensure
that ths hazerd of external radiation 1s in fact the controlling
feature,

2. The dep@sition of activity on rmud etc., should Le checked. Iuman
and anima) approach to active areas should be restrictod. The
lower,cate of tho dam should always be closed.

’l'heﬁds of activatod fish should be consideored.

4. Tho presecnce of alpha ray emitters of long life oshould be chocked,
5, For ayatens othor than that at Clinton the sane procodures apply

with inlividual comsideraticn of the disposol of vater beyond the
point o control.

P




